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Description 

FIELD OF THE INVENTION 

The present invention relates to an adsorp- s 
tion/reaction equipment which provides filtration device 
to effect discoloration, deodorization, and purification by 
means of adsorbent, catalyzer, and ion-exchage resin. 

BACKGROUND OF THE INVENTION 

In order to eliminate impurities from raw liquid while 
executing discoloration, deodorization, and purification 
processes, conventionally, adsorption and reaction 
processes with activated charcoal, oxidation process 
with catalyzer, and ion-exchange reaction with ion- 
exhange resin, are respectively executed. Typically, a 
contact filtration equipment is used to eliminate impuri- 
ties from raw liquid by applying adsorbent, catalyzer, 
and ion-exchange resin. This conventional filtration 
equipment adsorbs impurities by initially mixing pulver- 
ized adsorbent component with raw liquid followed by a 
stirring process to generate suspension. When absorp- 
tion reaches equilibrium, treated liquid is separated 
from adsorbent component via a filtration process. 
Whenever applying adsorbent comprising fine particles, 
a precoat filtration device is used to separate the treated 
liquid from adsorbent component. In this case, initially, 
auxiliary precoating agent such as diatomaceous earth 
is precoated on the filtration device to separate the 
treated liquid from adsorbent component 

When operating the above-cited conventional filtra- 
tion device, the finer the particle size of the adsorbent, 
the faster the adsorption and greater the absorptive 
capacity. Nevertheless, because of difficulty to fully sep- 
arate treated liquid from adsorbent component, there is 
a certain limit in regard to the minimizable range of par- 
ticle size of usable adsorbent. Furthermore, while using 
the precoat filtration device to separate treated liquid 
from ultra-fine adsorbent, auxiliary precoating compo- 
nent adhered to adsorbent component inhibits the main 
adsorbent component from being regenerated, and 
therefore, once-used adsorbent is compulsorily dis- 
carded as useless waste blended with auxiliary precoat- 
ing agent. 

DISCLOSURE OF THE INVENTION 

Therefore, the object of the invention is to fully solve 
the above problems by providing a novel adsorp- 
tion/reaction equipment capable of using extremely fine 
particles of adsorbent and regenerating the spent 
adsorbent component cyclically. 

To achieve the above object, the novel adsorption 
and reaction equipment according to the invention com- 
prises the following; a reaction tank which provides raw 
liquid supply tube and pools adsorbent component in 
slurry condition therein; a membrane filtration device 
which is disposed in the reaction tank by way of being 



submerged in adsorbent pooled therein in slurry condi- 
tion during use of the equipment; the casing of said fil- 
tration device being open at the top and at the bottom; a 
plurality of filtering-membrane elements each having a 
filtering membrane respectively being disposed inside 
of the casing of the membrane separation device in the 
vertical direction by way of being in parallel with and 
properly spaced between surfaces of filtering mem- 
branes of adjoining filtering membrane elements; a suc- 
tion pump linked with the filtering membrane elements 
via a suction tube for sucking processed liquid; a gas 
supply unit disposed below the filtering membrane ele- 
ments inside of the casing of the membrane filtration 
device; and a blower linked with the gas supply unit via 
a gas duct; an adsorbent-regeneration equipment and 
an adsorbent-supply pump respectively being disposed 
on the halfway of an adsorbent circulating duct that 
forms a circulatory system via said reaction tank. 

According to the structure described above, gas 
used for stirring pooled raw liquid and adsorbent in 
slurry condition is supplied to the gas supply unit from 
the blower via the gas duct in order to disperse gas in 
the upward direction via the gas supply unit. As a result, 
upward flows are generated along the membrane sur- 
face by aerial lifting action of dispersed gas used for agi- 
tation. After arriving at the top domain of the reaction 
tank via adjoining filtering membrane elements, the 
adsorbent slurry starts to flow in the downward direction 
between inner wall surfaces of the reaction tank and the 
membrane filtration device, thus generating circulation 
flow inside of the reaction tank. Because of this circula- 
tion flow, slurry comprising raw liquid and adsorbent 
component remains in the state of suspension to accel- 
erate adsorbent component to come into contact with 
impurities in raw liquid to fully remove them via mem- 
brane filtration. 

On the other hand, the suction pump sucks up 
treated liquid from the reaction tank via the filtering 
membrane elements. While these processes are under 
way, since through-hole diameter of the filtering mem- 
brane of each filtering membrane element corresponds 
to diameter of individual fine particle of adsorbent, all 
the fine adsorbent particles are perfectly separated 
without applying precoating agent at all. Furthermore, 
fine adsorbent particles deposited on the membrane 
surfaces of the filtering membrane elements are sweep- 
ing away from the membrane surfaces by effect of tan- 
gential bubble flows passing through interspace 
between adjoining filtering membrane elements. 

Therefore, since the adsorbent component can be 
perfectly separated from treated liquid by the filtering 
membranes without applying precoating agent, the fil- 
tration system according to the invention can regener- 
ate the spent fine adsorbent particles. Since ultra-fine 
adsorbent can be used in adsorption/reaction equip- 
ment, the adsorption rate and capacity can respectively 
be accelerated. This in turn permits materialization of a 
down-sized adsorption/reaction equipment. 

To embody a better structure, the adsorption/reac- 
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tion equipment according to the invention further pro- 
vides a tubular duct for circulating the adsorbent 
component slurry via the reaction tank as a means for 
embodying a circulating system. An adsorbent regener- 
ating unit and an adsorbent supply pump are interposed 5 
on the halfway of the adsorbent circulating tubular duct. 

According to the improved structure described 
above, slurry containing the spent adsorbent compo- 
nent is discharged from the reaction tank via the 
adsorbent circulating tubular duct, and then, after 10 
regenerating the adsorbent component by operating the 
adsorbent regenerating apparatus, the regenerated 
adsorbent component is sent back to the reaction tank 
via the adsorbent supply pump. 

As a result, the adsorption and reaction equipment is 
according to the invention can cyclically regenerate and 
recycle the spent adsorbent component in the system. 
And yet, since the adsorption and reaction system of 
the invention uses adsorbent comprising extremely fine 
particles, the retention time thus permitting the invented 20 
system to continuously discharge and regenerate the 
spent adsorbent component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Fig. 1 is an overall block diagram of the adsorp- 
tion/reaction equipment according to an embodi- 
ment of the invention; and 
Fig. 2 is a cross-sectional view of main components 
of the membrane filtration device according to the 30 
above embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

35 

Referring now to the accompanying drawings, full 
aspects of the adsorption and reaction equipment 
according to an embodiment of the invention are 
described below. 

A fully-sealed reaction tank 1 shown in Figures 1 40 
and 2 internally pools slurry containing adsorbent com- 
prising extremely fine particles. Fine particles of ion- 
exchange resin, or pulverized activated charcoal, or fine 
particles of zeolite, or fine particles of catalyzer, can be 
used for the adsorbent component. Particle size of the 45 
adsorbent component can be reduced as fine as possi- 
ble by reducing diameter of through-holes of filtering 
membranes to be described later on. Practically, parti- 
cle size of adsorbent component can be reduced to 0.05 
urn. so 

A raw liquid supply tube 3 having an end linked with 
a raw liquid reservoir 2 is connected to a side-wall of the 
reaction tank 1 . A raw liquid pump 4 is interposed on the 
halfway of the supply tube 3. A membrane filtration 
device 5 is disposed in the reaction tank 1 , where the 55 
membrane filtration device 5 is submerged in slurry 6 
containing adsorbent component. A plurality of filtering- 
membrane elements 8 are disposed in parallel with 
each other in the vertical direction inside of a casing 7 of 



the membrane filtration device 5 at properly determined 
intervals ranging from 6mm to 10mm between surfaces 
of adjoining filtering membranes 10. Each of the filter- 
ing-membrane elements 8 has a membrane-supporting 
plate 9, where the filtering membranes 10 each com- 
prising either an ultra-filtering membrane or a micro-fil- 
tering membrane are set to both-side lateral surfaces of 
the membrane-supporting member 9. Each filtering 
membrane 10 has a plurality of extremely fine through- 
holes each having less than 0.1 urn of diameter. A pas- 
sage 1 1 for filtrate is provided for each membrane-sup- 
porting member 9 of each filtering membrane element 
8, where the passages 1 1 are conjunctionally linked 
with a tube 13 for sucking filtrate via a routed tube 12. A 
filtrate suction pump 14 is interposed on the halfway of 
the filtrate sucking tube 13. A gas-dispersing device 16 
is disposed in a lower-casing 15 of the membrane filtra- 
tion device 5 at a predetermined position below the 
assembly of the filtering-membrane elements 8. The 
gas-dispersing device 1 6 is linked with a blower 1 8 via a 
duct 17, where the gas-intake side of the blower 18 is 
connected to the tip of the reaction tank 1 via an air 
intake tube 19. An open end of an adsorbent circulating 
tube 20 is linked with the bottom of the reaction tank 1. 
An adsorbent regeneration apparatus 21 and an 
adsorbent suction pump 22 are respectively interposed 
on the halfway of the adsorbent circulating tube 20. An 
adsorbent circulation system is formed by combining 
the reaction tank 1 , the adsorbent circulating tube 20, 
the adsorbent regenerating apparatus 21, and the 
adsorbent suction pump 22, with each other. 

According to the above embodiment of the inven- 
tion, the raw liquid pump 4 continuously feeds raw liquid 
from the raw liquid reservoir 2 to the reaction tank 1 via 
the raw liquid supply tube 3, and then, slurry 6 is formed 
by fine adsorbent particles pooled in the reaction tank 1 
and raw liquid. The blower 18 sucks exhausted gas via 
the gas-intake tube 19. Alternatively, fresh air may be 
fed as the object of reaction. The exhausted gas is then 
sent back to the gas-dispersing device 16 via the blow- 
ing duct 17 for generating agitation. The gas-dispersing 
device 16 blows off the sent back gas upward to cause 
agitation to occur. 

Row of gas dispersed upward for generating agita- 
tion causes aerial lifting action to take place, which then 
generates tangential flow of the slurry 6 containing 
adsorbent along surfaces of respective filtering mem- 
branes 1 0 of the filtering membrane elements 8. Upon 
arrival at the tip of the reaction tank 1 via interspace 
between the adjoining filtering membrane elements 8, 
the slurry then turns downward through inter-space 
between the inner wall surface of the reaction tank 1 
and the membrane filtration device 5 before eventually 
generating circulating flow in the reaction tank 1. While 
maintaining the slurry 6 comprising adsorbent compo- 
nent and raw liquid in the state of suspension in the 
reaction tank 1, availing of the circulating flow, the 
treated liquid in contact with the adsorbent is conjunc- 
tionally separated from the adsorbent. 
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On the other hand, the suction pump 14 sucks the 
treated liquid 6 via the filtering membrane elements 8 to 
cause each of the filtering membranes 10 to separate 
the treated liquid from the adsorbent. On the way of 
adsorbing and filtering the processed liquid, since each 5 
filtering membrane 10 of the filtering membrane ele- 
ments 8 has less than 0.1 11m of through-hole diameter, 
even though the adsorbent comprises extremely fine 
particles, fine adsorbent particles can perfectly be sep- 
arated without using precoating agent at all. Further- w 
more, the adsorbent component deposited to surfaces 
of the filtering membrane elements 8 is sweeping away 
therefrom by effect of tangential aerial flow passing 
through interspace between respective membrane sur- 
faces. 15 

Therefore, the adsorption and reaction equipment 
embodied by the invention securely separates the 
treated liquid from adsorbent component via filtering 
membranes 10 without applying precoating agent at all. 
As a result, the inventive system can securely regener- 20 
ate the spent fine adsorbent particles during an adsorp- 
tion/reaction process. Furthermore, since the inventive 
system can use adsorbent as of the fine-particle state, 
adsorption rate and adsorption capacity can be acceler- 
ated to enable materialization of down-sizing of the 25 
whole structure of the adsorption and reaction equip- 
ment. 

According to the invention, the spent adsorbent 
component is discharged from the bottom of the reac- 
tion tank 1 via the adsorbent circulating tube 20, and 30 
then, after regenerating the spent adsorbent component 
via the adsorbent regenerating apparatus 21 , the regen- 
erated adsorbent component is sent back to the reac- 
tion tank 1 via the adsorbent suction pump 22. 

In contrast with any of the conventional filtration 35 
devices, discharging spent adsorbent component 
based on a batch operation before sending it to an inde- 
pendent process to regenerate or totally discarding it as 
useless waste, the adsorption and reaction system 
according to the invention regenerate and recycle the 40 
spent adsorbent. In particular, since the equipment 
according to the invention can execute adsorption proc- 
ess very fast as a result of the introduction of extremely 
fine adsorbent particles, the improved filtration system 
according to the invention can reduce the retention time 45 
of adsorbent component in the reaction tank 1, and 
therefore, the invented system can regenerate the spent 
adsorbent component on the continuous basis. 

Claims so 

1 . Use of an adsorption/reaction equipment compris- 
ing 

a reaction tank (1 ) which receives inflow of raw 55 
liquid subject to a purification process via a 
supply tube (3) and pools adsorbent compo- 
nent therein in slurry condition; 



a filtration device (5) which is disposed inside 
of said reaction tank (1) by way of being sub- 
merged in said slurry of adsorbent pooled 
therein during use of the equipment; 

the casing of said filtration device being open at 
the top and at the bottom; 

a plurality of filtering membrane elements (8) 
each incorporating a filtering membrane (10), 
wherein said elements (8) are disposed in par- 
allel with each other in the vertical direction 
inside of a casing (7) of said filtration device (5) 
at predetermined intervals between surfaces of 
adjoining filtering membranes (10); 

a suction pump (1 4) which is connected to said 
filtering membrane elements (8) via a suction 
tube (13) for sucking processed liquid; 

a gas-dispersing device (16) disposed below 
said filtering membrane elements (8) inside of 
said casing (7); and 

a blower (18) connected to said gas-dispersing 
device (16) via a blowing duct (17), 

for discoloration, deodorization, and purifica- 
tion by a suspension of slurried fine particles of 
adsorbent, catalyser or ion-exchange resin. 

2. An adsorption/reaction equipment comprising; 

a reaction tank (1) which receives inflow of raw 
liquid subject to a purification process via a 
supply tube (3) and pools adsorbent compo- 
nent therein in slurry condition; 

a filtration device (5) which is disposed inside 
of said reaction tank (1) by way of being sub- 
merged in said slurry of adsorbent pooled 
therein during use of the equipment; 

the casing of said filtration device being open at 
the top and at the bottom; 

a plurality of filtering membrane elements (8) 
each incorporating a filtering membrane (10), 
wherein said elements (8) are disposed in par- 
allel with each other in the vertical direction 
inside of a casing (7) of said filtration device (5) 
at predetermined intervals between surfaces of 
adjoining filtering membranes (10); 

a suction pump (14) which is connected to said 
filtering membrane elements (8) via a suction 
tube (13) for sucking processed liquid; 

a gas-dispersing device (16) disposed below 
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said filtering membrane elements (8) inside of 
said casing (7); 

a blower (18) connected to said gas-dispersing 
device (16) via a blowing duct (17) and s 

an adsorbent- regenerating equipment (21) 
and an adsorbent-supply pump (22) respec- 
tively being disposed on the halfway of an 
adsorbent circulating duct (20) that forms a cir- 10 
culatory system via said reaction tank (1). 

Patentanspruche 

1 . Verwendung einer Adsorption/Reaktion Einrichtung 75 
mit 

einem Reaktionstank (1), der eine Rohflussig- 
keit, die einem ReinigungsprozeB unterworfen 
wird, uber ein Zufuhrrohr (3) sowie Adsorbent- 20 
komponenten in aufgeschiammtem Zustand 
aufnimmt, 

einer Filtervorrichtung (5), die in dem Reakti- 
onstank durch Einhangen in das darin enthal- 2s 
tene Adsorbent in aufgeschiammtem Zustand 
wahrend des Verwendens der Einrichtung ent- 
halten ist, 

wobei das Gehause dieser Filtervorrichtung 
am oberen Ende und am unteren Ende offen 30 
ist, 

einer Vielzahl von Filtermembranelementen 
(8), von denen jedes eine Filtermembran (10) 
aufweist, 35 
wobei die Elemente (10) jeweils in vertikaler 
Richtung innerhalb eines Gehauses (7) der Fil- 
triereinrichtung (5) parallel zueinander in vor- 
bestimmten Abstanden zwischen den Fiachen 
benachbarter Filter membranen (10) angeord- 40 
net sind, 



8 

2. Adsorption/Reaktion Einrichtung mit 

einem Reaktionstank (1), der eine Rohflussig- 
keit, die einem ReinigungsprozeB unterworfen 
wird, uber ein Zufuhrrohr (3) sowie Adsorbent- 
komponenten in aufgeschiammtem Zustand 
aufnimmt, 

einer Filtervorrichtung (5), die in dem Reakti- 
onstank durch Einhangen in das darin enthal- 
tene Adsorbent in aufgeschiammtem Zustand 
wahrend des Verwendens der Einrichtung ent- 
harten ist, 

wobei das Gehause dieser Filtervorrichtung 
am oberen Ende und am unteren Ende offen 
ist, 

einer Vielzahl von Filtermembranelementen 
(8), von denen jedes eine Filtermembran (10) 
aufweist, 

wobei die Elemente (10) jeweils in vertikaler 
Richtung innerhalb eines Gehauses (7) der Fil- 
triereinrichtung (5) parallel zueinander in vor- 
bestimmten Abstanden zwischen den Fiachen 
benachbarter Filtermembranen (10) angeord- 
net sind, 

einer Saugpumpe (14), die mit den Filtermem- 
branelementen (8) uber ein Saugrohr (13) zum 
Ansaugen der verarbeiteten FlOssigkeit ver- 
bunden ist, 

einer Gaszufuhreinheit (16), die unterhalb der 
Filtermembranelementen (8) innerhalb des 
Gehauses (7) angeordnet ist, 

einem Gebiase (1 8), das mit der Gaszufuhrein- 
heit (16) Qber eine Gasleitung (17) verbunden 
ist, und 

einer Adsorbens-Regenerierungseinrichtung 
(21) und einer Adsorbenszufuhrpumpe (22), 
die jeweils auf halbem Wege einer Adsorbens- 
zirkulierleitung (20) angeordnet sind, die ein 
Zirkulationssystem uber den Reaktionstank (1) 
bildet. 

Revendications 

1. Utilisation, pour la decoloration, la d6sodorisation 
et la purification par une suspension de fines parti - 
cules d'adsorbant, de catalyseur ou de r6sine 
6changeuse d'ions, d'un 6quipement d'adsorp- 
tion/r6action comprenant: 

une cuve de reaction (1) qui regort, par un 
tuyau d'alimentation (3), uncourantd'entr6ede 
liquide brut devant §tre soumis au traitement 
de purification et dans laquelle un composant 



einer Saugpumpe (14), die mit den Filtermem- 
branelementen (8) uber ein Saugrohr (13) zum 
Ansaugen der verarbeiteten FlOssigkeit ver- 45 
bunden ist, 

einer Gaszufuhreinheit (16), die unterhalb der 
Filtermembranelemente (8) innerhalb des 
Gehauses (7) angeordnet ist, und so 

einem Gebiase (18), das mit der Gaszufuhrein- 
heit (16) uber eine Gasleitung (17) verbunden 
ist, 

55 

zur Entfdrbung, Deodorisierung und Reinigung 
durch eine Suspension von aufgeschiammten 
feinen Partikeln eines Adsorbens, Katalysators 
Oder lonenaustauscherharz. 
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adsorbant est accumul6 k l'6tat de suspension, 
un dispositif de filtration (5) qui est dispose k 
I'interieur de ladite cuve de reaction (1) en 
6tant immerg6 dans ladite suspension d'adsor- 
bant accumulSe dans celle-ci pendant I'utilisa- 5 
tion de l'6quipement, 

I'enveloppe dudrt dispositif de filtration 6tant 
ouverte en haut et en bas, 
plusieurs 6l6ments k membrane f iltrante (8) 
contenant chacun une membrane f iltrante (10), w 

lesdits Pigments (8) 6tant disposes 
parall&lement entre eux dans la direction verti- 
cal k I'interieur d'une enveloppe (7) dudit dis- 
positif de filtration (5), a des intervalles 
pr6d6termin6s entre les surfaces de membra- is 
nes f iftrantes (10) voisines, 
une pompe aspirante (14) qui est raccord6e 
auxdits 6l6ments a membrane f iltrante (8) par 
un tuyau d'aspiration (13), afin d'aspirer le 
liquide traits, 20 
un dispositif de dispersion de gaz (16), dispose 
au-dessous desdits 6l6ments k membrane fil- 
trante (8) k I*int6rieur de ladite enveloppe (7), et 
une soufflante (18) raccordSe audit dispositif 
de dispersion de gaz (16) par une conduite de 25 
soufflage (17). 

Equipement d'adsorption/r6action comprenant: 



un Equipement (21) de r6g6n6ration de I'adsor- 
bant et une pompe (22) d'alimentation en 
adsorbant, disposes respectivement sur le tra- 
jet d'une conduite (20) de circulation d'adsor- 
bant qui forme un systfcme de circulation 
passant par ladite cuve de reaction (1). 



une cuve de reaction (1) qui resoit, par un 30 
tuyau d'alimentation (3), un courant d ? entr6e de 
liquide brut devant §tre soumis au traitement 
de purification et dans laquelle un composant 
adsorbant est accumul6 k I'&at de suspension, 
un dispositif de filtration (5) qui est dispose k 35 
I'interieur de ladite cuve de reaction (1) en 
6tant immergS dans ladite suspension d'adsor- 
bant accumul6e dans celle-ci pendant I'utilisa- 
tion de l'6quipement, 

I'enveloppe dudit dispositif de filtration 6tant 40 
ouverte en haut et en bas. 
plusieurs Pigments k membrane filtrante (8) 
contenant chacun une membrane filtrante (10), 
lesdits Elements (8) 6tant disposes 
paraII6lement entre eux dans la direction verti- 45 
cale k I'int6rieur d'une enveloppe (7) dudit dis- 
positif de filtration (5), k des intervalles 
pr6d6termin6s entre les surfaces de membra- 
nes filtrantes (10) voisines, 
une pompe aspirante (14) qui est raccord6e so 
auxdits Elements k membrane filtrante (8) par 
un tuyau d'aspiration (13), afin d'aspirer le 
liquide traite, 

un dispositif de dispersion de gaz (16), dispos6 
au-dessous desdits 6l6ments k membrane fil- 55 
trante (8) k Ilnt6rieur de ladite enveloppe (7), 
une soufflante (18) raccord6e audit dispositif 
de dispersion de gaz (16) par une conduite de 
soufflage (17) et 



6 



EP 0 605 826 B1 



FIG.1 




7 



EP 0 605 826 B1 




8 



